Abstract Syzygium aromaticum (L.) (clove) is one of the most widely cultivated spices in many tropical countries. The aim of this study was to determine the phytochemical content, the antioxidant properties and the antiglycation properties of aqueous extract of clove against fructose-mediated protein glycation and oxidation. The result showed that the content of total phenolics and flavonoids in clove extract was 239.58±0.70 mg gallic acid equivalents/g dried extract and 65.67±0.01 mg catechin equivalents/g dried extract, respectively. In addition, clove exhibited antioxidant properties including DPPH radical scavenging activity (IC 50 = 0.29±0.01 mg/ml), Trolox equivalent antioxidant capacity (4.69 ± 0.03 μmol Trolox equivalents/mg dried extract), ferric reducing antioxidant power (20.55 ±0.11 μmol ascorbic acid equivalents/mg dried extract), Oxygen radical absorbance capacity (31.12±0.21 μmol Trolox equivalents/mg dried extract), hydroxyl radical scavenging activity (0.15±0.04 mg Trolox equivalents/mg dried extract), and superoxide radical scavenging activity (18.82±0.50 mg Trolox equivalents/mg dried extract). The aqueous extract of clove (0.25-1.00 mg/ml) significantly inhibited the formation of fluorescent advanced glycation end products (AGEs) and non-fluorescent AGEs (N ɛ -(carboxymethyl) lysine (CML)) in glycated BSA during 4 weeks of incubation. The extract also markedly prevented oxidation-induced protein damage by decreasing protein carbonyl formation and protecting against the loss of protein thiol group. These results clearly demonstrated that a polyphenol enriched clove extract, owing to its antioxidant, was capable to inhibit the formation of AGEs and protein glycation. The findings might lead to the possibility of using the clove extract for targeting diabetic complications.
Introduction
Chronic hyperglycemia facilitates the formation of nonenzymatic protein glycation, which leads to a series of cascade reactions between the carbonyl group of reducing sugars (glucose and fructose) and the amino group of protein; consequently, a reversible structure called an unstable Schiff's base is produced. It is well established that the initial Schiff's base undergoes repeated condensation and rearrangement to form a relatively stable Amadori product, which induces further oxidative modifications to generate advanced glycation end products (AGEs), including cross-linking fluorescent adducts (pentosidine) and non-fluorescent adducts (N ɛ -(carboxymethyl) lysine (CML)) (Singh et al. 2001; Stitt 2001; Vlassara and Palace 2002) . In the presence of transition metal ions, reducing sugars and protein dicarbonyl compounds can auto-oxidize to form superoxide radical (O 2 ( . OH) via the Fenton reaction. Subsequently, reactive oxygen species (ROS) also accelerate the formation of AGEs through the oxidation reactions (Ahmed 2005) . Emerging evidence has shown a clinical correlation between accumulation of AGEs in body tissues and the progression of several agerelated diseases (Basta et al. 2004; Sutherland et al. 2013) . There is considerable recent interest in edible plants with antiglycation activity that have been a key strategy for prevention and amelioration of AGE-mediated diabetic complications (Elosta et al. 2012; Morrone et al. 2013) .
Syzygium aromaticum (L.) (clove), an aromatic flower bud, is one of the most widely cultivated spices in many tropical countries. It has been used in traditional medicine since ancient times to treat respiratory and digestive ailments. Previous studies have shown a variety of pharmacological properties such as anti-inflammatory (Tapsell et al. 2006) , antibacterial (Dorman and Deans 2000) , anti-fungal (Park et al. 2007) , and antioxidant activities (Abdel-Wahhab and Ayl 2005) . However, there have been no previous studies that address the inhibitory effect of aqueous extract of clove against fructose-mediated protein glycation and oxidation. Therefore, the aim of the present study was to investigate the effect of clove extract against bovine serum albumin (BSA) in fructose-mediated non-enzymatic glycation. Moreover, the study also examined the effect of clove extract on glycationinduced protein oxidative damages. In addition, the phytochemical contents and bioactivity of clove related to antioxidants were assessed.
Materials and methods

Chemicals
Bovine serum albumin (BSA, fraction V), aminoguanidine hydrochloride, guanidine hydrochloride, 5,5′-Dithiobis (2-n i t r o b e n z o i c a c i d ) ( D T N B ) , h y d r o x y l -2 , 5 , 7 , 8 -tetramethylchromane−2-carboxylic acid (trolox), nitrobluetetrazolium and L-cysteine were purchased from SigmaAldrich Co. (St. Louis, MO, USA). Fructose and 2, 4-dinitrophenyl hydrazine were purchased from Ajax Finechem (Taren Point, Australia). Trichloroacetic acid was purchased from Merck (Darmstadt, FR, Germany) . OxiSelect™ N ε -(carboxymethyl) lysine (CML) ELISA kit was obtained from Cell Biolabs (San Diego, CA, USA). All other chemicals and solvents used in this study were of analytical grade.
Plant material and preparation of extract
The dried buds of clove were purchased from a specific herbal drugstore, Bangkok, Thailand. The plant has been authenticated at the Princess Sirindhorn Plant Herbarium, Plant Varieties Protection Division, Department of Agriculture, Thailand, Voucher specimen: BKU066459. The dried buds of clove, 20 g, were boiled in distilled water (800 ml) for 3 h at 95°C. After boiling, the plant residue was filtered through Whatman No. 1 filter paper. Thereafter, the extraction was lyophilized with a freeze drier. The lyophilized powder was stored at 4°C in a dark bottle until analysis. The powder of clove extract was resuspended in distilled water before experiments.
Determination of total phenolic content
The total phenolic content of clove was determined using the Folin-Ciocalteu method, as described by Sriplang et al., with minor modifications (Sriplang et al. 2007 ). The extract was freshly dissolved in distilled water before use. Briefly, 50 μl of sample solution (0.50 mg/ml) was mixed with 50 μl of FolinCiocalteu reagent (10-fold dilution in distilled water before use). After incubation for 5 min at room temperature, then 50 μl of sodium bicarbonate solution was added, and the mixture was allowed to stand for 90 min at room temperature before the absorbance of the reaction mixture was measured at 725 nm. The concentration of gallic acid (0-150 μg/ml) was used for a standard curve. The total phenolic contents were calculated using a standard curve and expressed as milligrams of gallic acid equivalents (GAE) per gram of extract.
Determination of total flavonoid content
The total flavonoid content in the extract was measured according to the colorimetric method described by Hajimahmoodi et al., with slight modifications (Hajimahmoodi et al. 2008) . Briefly, 100 μl of sample solution (1.00 mg/ml) was added to 400 μl of distilled water. 30 μl of 5 % NaNO 2 was added to the mixture and allowed to stand for 5 min before adding 30 μl of 10 % AlCl 3 . After incubation for 1 min, 200 μl of 1 M NaOH was added and the total volume was adjusted to 1 ml by distilled water before the absorbance of the reaction mixture was read at 510 nm. The concentration of catechin (0-240 μg/ml) was used for a standard curve. The total flavonoids were determined using a standard curve and expressed as milligrams of catechin equivalents (CE) per gram of sample extract.
DPPH radical scavenging activity
The ability of clove to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH • ) radicals was determined according to a previously described method with minor modifications (Schlesier et al. 2002) . Concisely, 10 μl of the extract (0.50 mg/ml) was added to 90 μl ethanol solution of 0.2 mM DPPH
• radicals. The mixture solution was mixed and left at room temperature for 30 min in the dark. The absorbance was measured at 517 nm after incubation, using a spectrophotometer. The DPPH radical scavenging activity was calculated from a standard curve using ascorbic acid (0-1.00 mg/ml). The DPPH radical scavenging activity was expressed as percentage inhibition and calculated according to the following equation:% Inhibition = (A c -A s )/A c ×100 Where A c was the absorbance of the control (without extract) and A s was the absorbance in the presence of the extract and the IC 50 value was calculated and expressed as mg/ml.
Trolox equivalent antioxidant capacity (TEAC) assay
The TEAC assay was performed according to the method described by Madhujith et al., with some modifications (Madhujith et al. 2006) . Concisely, the radical ABTS
•+ was generated by mixing 7 mM ABTS in 0.1 M phosphate buffer saline (pH 7.4) with 2.45 mM K 2 S 2 O 4 in distilled water. The mixture solution was allowed to stand for 16 h at room temperature in the dark to produce a dark green solution. The working solution was diluted with 0.1 M phosphate buffer saline to an absorbance of about 0.900 to 1.000 at 734 nm. An aliquot of 10 μl of the extract (0.50 mg/ml) was mixed with 90 μl of working ABTS •-solution and the decrease of absorbance was measured at 734 nm after 6 min in the dark. TEAC value was calculated from a standard curve using a Trolox (0-1.00 mg/ml). The TEAC value was expressed as micromole of Trolox equivalents per milligram of extract.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was done using a modified method of Benzie and Strain (Benzie and Strain 1996) . The fresh FRAP reagent contained 0.3 M sodium acetate buffer solution (pH 3.6), 10 mM TPTZ in 40 mM HCl and 20 mM FeCl 3 in the ratio of 10:1:1. Briefly, an aliquot of 10 μl of the sample solution (0.50 mg/ml) was added to 90 μl of freshly working FRAP solution. The mixture solution was mixed and left at room temperature for 30 min in the dark. The absorbance was measured at 595 after incubation using a spectrophotometer. FRAP value was calculated from a standard curve using ascorbic acid (0-2.00 mg/ml). FRAP value was expressed as micromoles of ascorbic acid equivalents per milligram of extract.
Oxygen radical absorbance capacity (ORAC) assay
The ORAC assay was determined according to a previously described method (Van Hoyweghen et al. 2010) . Briefly, 25 μl of sample solution (0.25 mg/ml) was mixed with 150 μl of 48 nM sodium fluorescein in the wells of a microtiter plate. After incubation for 10 min at room temperature, 25 μl of 2,2′-azobis (2-amidinopropane) dihydrochloride (APPH), a free radical generator solution, was added and mixed well. The fluorescence intensity at excitation wavelength 485 nm and emission wavelength 535 nm was recorded every 2 min for 60 min. A standard curve was generated with a Trolox concentration range from 0 to 48 μM. The ORAC value was calculated as the area under the curve (AUC) and expressed as micromole of Trolox equivalents per milligram of extract.
Hydroxyl radical scavenging activity (HRSA)
The HRSA was measured according to a previously described method, with minor modifications (Halliwell et al. 1987) . The hydroxyl radical in the working solution was generated by adding 0.3 mM FeCl 3 , 0.6 mM ascorbic acid, 1.2 mM EDTA, 34 mM H 2 O 2 and 17 mM 2-deoxy-D-ribose in the ratio 2:2:1:1:1. The fresh reaction mixture contained 210 μl of the working solution and 30 μl of the sample solution (0.50 mg/ml). The reaction was performed at 37°C for 30 min in an overhead shaker. Thereafter, 300 μl of 2.8 % TCA and 150 μl of 1 % TBA (in 0.05 M NaOH) were added into the reaction mixture, which was then incubated at 100°C for 5 min. After cooling, the absorbance was measured at 532 nm. The HRSA value was calculated from a standard curve using a Trolox (0-2.00 mg/ml). The HRSA value was expressed as milligrams of Trolox equivalents per milligram of extract.
Superoxide radical scavenging activity (SRSA)
The SRSA was measured according to a previously described report, with slight modifications (Kweon et al. 2001 ). The superoxide radicals in the mixture solution were generated by adding 75 μl of 0.3 mM xanthine, 50 μl of 0.15 mM NBT, 50 μl of 0.6 mM EDTA and 1 % of 5 unit/ml xanthine oxidase. In brief, 7.5 μl of sample solution (0.10 mg/ml) was mixed with mixture solution in a microtiter plate. After incubation for 40 min at 37°C, the absorbance was determined at 560 nm. The SRSA value was calculated from a standard curve using a Trolox (0-2.00 mg/ml). The SRSA value was expressed as milligrams of Trolox equivalents per milligram of extract.
In vitro glycation of bovine serum albumin
The glycated BSA formation was determined according to a previously described method (Adisakwattana et al. 2012) . Briefly, BSA (10 mg/ml) was incubated with 500 mM fructose in 0.1 M phosphate buffer saline (PBS) (pH 7.4), containing 0.02 % sodium azide in the dark at 37°C for 1, 2, 3, and 4 weeks. Before incubation, the solution containing clove extract (0.25-1.00 mg/ml) dissolved in PBS was added to the mixtures. The glycated BSA formation was measured by using fluorescent intensity at an excitation wavelength of 355 nm and an emission wavelength of 460 nm. Aminoguanidine (AG) was used as a positive control for the study.
The concentration of N ɛ -CML, a major non-fluorescence and non-crosslinking AGEs, was performed using a commercially available enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer's instructions. The concentration of N ɛ -CML was calculated by using the calibration curve of CML-BSA.
Determination of protein carbonyl content
The level of carbonyl group in glycated BSA was slightly modified according to Levine's method (Levine 2002) . Concisely, 100 μl of glycated BSA was mixed with 400 μl of 10 mM 2,4-dinitrophenylhydrazine (DNPH) in 2.5 M HCl. After incubation for 60 min at room temperature, glycated BSA was then precipitated using 500 μl of 20 % (w/v) trichloroacetic acid (TCA), left on ice for 5 min, and centrifuged at 10,000 g for 10 min at 4°C. The protein pellet was washed 3 times by 500 μl of 1:1 (v/v) ethanol: ethyl acetate solution. The final protein pellet was resuspended in 250 μL of 6 M guanidine hydrochloride. The absorbance was read at 370 nm. The protein carbonyl group of each sample was calculated by using absorption coefficient (ɛ=22,000 M ). The protein carbonyl content was expressed as nmol carbonyl/mg protein.
Determination of thiol group
The level of thiol group in glycated BSA was determined using the Ellman's assay, with minor modifications (Sedlak and Lindsay 1968) . 10 μl of glycated BSA was mixed with 90 μl of 5 mM DTNB in 0.1 M PBS (pH 7.4) and the absorbance was measured at 410 nm after incubation at room temperature for 15 min. The level of thiol group was calculated from a standard curve using L-cysteine (0-2.00 mg/ml). The level of thiol group was expressed as nmol/mg protein.
Statistical analysis
Data were expressed as means ± standard error of mean (S.E.M), N=3. Data were analyzed using One way ANOVA followed by Tukey's HSD post hoc test. P-value <0.05 was considered to be statistically significant.
Results
Phytochemical analysis
The result showed that the total phenolic content of clove was 239.58±0.70 mg gallic acid equivalents/g dried extract. In addition, the content of total flavonoid in clove was 65.67± 0.01 mg catechin equivalents/g dried extract.
Antioxidant activity of clove Antioxidant activity of clove including DPPH radical activity, TEAC, FRAP, ORAC, HRSA, and SRSA is shown in Table 1 . In the DPPH assay, clove had the IC 50 value of 0.29± 0.01 mg/ml. In the TEAC assay, clove had antioxidant activity of 4.69±0.03 μmol Trolox equivalents/mg dried extract, whereas it had FRAP value of 20.55±0.11 μmol ascorbic acid equivalents/mg dried extract. In addition, clove had the ORAC value of 31.12±0.21 μmol Trolox equivalents/mg dried extract. The HRSA and SRSA values of clove were 0.15±0.04 mg Trolox equivalent/mg dried extract and 18.82 ±0.50 mg Trolox equivalents/mg dried extract, respectively.
The effects of clove on AGEs formation
The formation of AGEs in BSA was measured by the fluorescence intensity. As shown in Fig. 1 , the fluorescent intensity of fructose-mediated glycation of BSA substantially increased during 4 weeks of the experiment. The results demonstrated that clove (0.25-1.00 mg/ml) significantly reduced the formation of AGEs during weeks 1 to 4 of incubation. At the end of the study, clove at concentrations of 0.25, 0.50, and 1.00 mg/ml inhibited the formation of AGEs by 86.3 %, 88.6 %, and 95.2 %, respectively. Meanwhile, AG at concentration 1.00 mg/ml also reduced the formation of AGEs by 91.5 %. 
The effects of clove on glycation-induced protein oxidation
The measurements of carbonyl content and free thiol group were used to evaluate the process of glycation-induced protein oxidation. The carbonyl content of glycated BSA was 1.15± 0.09 and 1.62±0.21 nmol carbonyl/mg protein at weeks 2 and 4, respectively. As shown in Table 2 , at week 4 a significant decrease in carbonyl content was observed in glycated BSA plus clove. The results showed that clove at concentrations of 0.50 and 1.00 mg/ml exhibited the percentage reduction of protein carbonyl formation by 73.7 % and 66.1 %, as compared with glycated BSA. It is important to note that clove at concentration 0.25 mg/ml did not seem to suppress the protein carbonyl content, whereas AG at concentration 1.00 mg/ml suppressed protein carbonyl formation approximately 60.0 % at the same week. The effects of clove on glycation-induced oxidation of protein thiol are shown in Table 2 . At week 2 and week 4, the protein thiol group of BSA/fructose was 1.03± 0.01 and 1.18±0.03 nmol/mg protein, respectively. As shown in Table 2 , at week 4 a significant increase in protein thiol group was observed in glycated BSA together with clove. When clove (0.50 and 1.00 mg/ml) was introduced for incubation with BSA and fructose, the level of thiol group was significantly increased by 41.6 % and 87.0 %, respectively. However, there was no significant protective effect of clove at concentration 0.25 mg/ml. In addition, AG at concentration (1.00 mg/ml) increased protein thiol group by 56.5 %.
Discussion
The induction of AGEs formation causes the modification of crucial physiological proteins, which is an important factor in the development of age-related diseases such as atherosclerosis, Alzheimer's disease, end-stage renal disease, rheumatoid arthritis, and diabetes and its complications. In recent decades, attention has been focused on the over-consumption of highfructose diets that contributes to obesity, non-alcoholic fatty liver, insulin resistance, and diabetes and its complications. Likewise, consumption of high dietary fructose has been apparently associated with increased production of advanced glycation end products (Gaby 2005; Livesey and Taylor 2008) . Previous study has shown that fructose has a greater rate of AGE formation than glucose (Suarez et al. 1989 ). In the early stages of glycation, after the reaction between the carbonyl group from reducing sugar and free amino group form protein, freely reversible Schiff's bases are rearranged to more stable ketoamine or Amadori products such as fructosamine. In this stage, reducing sugars (glucose and fructose) itself can cause autoxidation in the present of transition metals to form superoxide radical and hydroxyl radical. The harmful radicals can participate in accelerating the protein glycation and AGEs formation. In addition, the Amadori products react with the amino acids to form N ɛ -CML, which is one of the most abundant compounds of AGEs. Aside from this pathway, N ɛ -CML is generated by oxidative breakdown of polyol pathway mediated by α-oxoaldehydes such as glyoxal, Data are expressed as mean ± S.E.M, n=3. DPPH radical scavenging activity was expressed as the IC 50 (mg/ml). TEAC was expressed as micromole trolox/milligram dried extract. FRAP was expressed as micromole ascorbic acid/milligram dried extract. ORAC was expressed as micromole trolox/ milligram dried extract. Hydroxyl radical scavenging activity (HRSA) was expressed as milligram trolox/milligram dried extract. Superoxide radical scavenging activity (SRSA) was expressed as milligram trolox/milligram dried extract.
J Food Sci Technol (June 2015) 52(6):3843-3850 3847 Fig. 1 The effects of clove extract on fluorescence AGE formation in fructose-glycated BSA. Each value represents the mean ± S.E.M (n=3). a p<0.05 compared to BSA + F (Fructose) at the same week methylglyoxal, and 3-deoxyglucosone (Goldin et al. 2006) . Furthermore, reactive carbonyl intermediaries and protein carbonyl derivatives generate both AGE formation and protein modification that are prone to oxidative reaction to amino acids such as cysteine, particularly the thiol side chain. The reactive oxygen species and reactive nitrogen species are generated during glycation and glycoxidation. In the meantime, they also are able to oxidize side chains of amino acid residues of protein to form a carbonyl derivative and diminish the oxidative defense of protein by eliminating the thiol groups (Miyata et al. 2000; Zeng et al. 2006 ). As mentioned above, the alterations are reflective of protein oxidative damage, with high oxidative stress and formation of AGEs, which are the consideration of excessive free radical generation. A large number of antiglycation agents have been recently reported (Rahbar and Figarola 2003) . In this study, we examined the influence of clove against fructose-medicated nonenzymatic glycation and oxidation-dependent damage to BSA. According to the fluorescence property of AGEs, clove efficiently inhibited AGE formation. Moreover, clove also efficiently reduced the formation of N ɛ -CML in glycated BSA associated with decreased formation of AGEs. In addition, the reduction of protein carbonyl content and oxidation of thiol group of BSA/fructose was affected by clove.
Recent investigations have shown that many natural antioxidant-rich foods have the potential to prevent reducing sugar-mediated protein glycation (Elosta et al. 2012; Ramkissoon et al. 2013) . In the present study, various methods of examining antioxidant capacities of clove, including DPPH radical scavenging assay, TEAC assay, FRAP assay, ORAC assay, HRSA assay, and SRSA assay, have been used. The results of this study provide supporting evidence that clove exhibits potent antioxidant activity by scavenging free radicals. These results are consistent with those obtained by other researchers, indicating that clove extract acts as hydroxyl and superoxide radical scavenger (Gülçin et al. 2004; Adefegha and Oboh 2012) . Currently, several biochemical mechanisms of antiglycation reaction that can delay or prevent the glycation process have been proposed (Wu et al. 2011) . Especially, antiglycation strategies are involved in scavenging of free radicals at the early stages of glycation. It is well established that superoxide anions are generated from early glycation products, including 1,2-to 2,3-enolization of the Schiff's base and oxidation of the enolate anion (Smith and Thornalley 1992) . Consequently, the Amadori product or Schiff's base undergoes fragmentation through reactive oxygen species-mediated reactions to generate short-chain carbohydrate intermediates which alter lysine and arginine residues to produce AGEs. Furthermore, hydroxyl radicals generated by the reaction of Fe 2+ with H 2 O 2 mediate the formation of N ɛ -CML from Amadori compounds (Nagai et al. 1997) . Additionally, metal chelators also inhibit the process of AGEs by retarding further oxidation of Amadori products and metal-ion-catalysis glucose oxidation (Rahbar and Figarola 2003; Cho et al. 2007) . It is worth mentioning that clove may inhibit AGE formation by its ROS scavenging capacity on hydroxyl and superoxide radicals during the auto-oxidation of sugar and/or oxidative degradation of Amadori products, leading to reduced protein oxidation and N ɛ -CML and dicarbonyl intermediate formation. Other mechanisms of antiglycation, particularly for inhibiting the formation of late-stage Amadori products, breaking the crosslinking structures in the intracellular formed AGEs, and blocking the receptor for advanced glycation end products (RAGEs), have been proposed (Wu et al. 2011) . Further comprehensive studies of clove are required to determine the antiglycation mechanisms described above.
Several edible plants including berries (Wang et al. 2011 ), red grape skin (Jariyapamornkoon et al. 2013) , pomelo (Caengprasath et al. 2013) , and Cyperus rotundus (Ardestani and Yazdanparast 2007) , have shown antiglycation activities in BSA-fructose models. The major components of edible plants contain high phenolic compounds and flavonoids such as catechin, epicatechin, quercetin, rutin, kaempferol, p r o a n t h o c y a n i d i n s , h e s p e r i d i n , n e o h e s p e r i d i n dihydrochalcone, ellagic acid, gallic acid, and p-coumaric acid. These phytochemicals have provoked considerable interest because of their beneficial impact on human health by free radical scavenging and metal ion chelating abilities (RiceEvans et al. 1996; Mira et al. 2002; de Souza and de Giovani 2004; Perron and Brumaghim 2009) . The phytochemicals analysis of clove demonstrates the presence of phenolic compounds such as gallic acid, quercetin glucoside, ellagic acid, ellagic acid derivatives, and some other unidentified phenolic compounds (Atawodi et al. 2011; Milind and Deepa 2011) . Notably, these phytochemicals showed consistent inhibition of protein glycation both in vitro and in vivo models. For example, gallic acid and quercetin glucoside have been reported to inhibit α-dicarbonyl compounds generation in the glycated BSA (Wu et al. 2009 ). Ellagic acid, a new antiglycating agent, has been reported to inhibit AGE formation in diabetic mice by decreasing the level of N ɛ -CML and the accumulation of pentosidine (Chao et al. 2010; Muthenna et al. 2012) . In this regard, it might be explained that these polyphenols and flavonoids in clove may contribute to their antioxidant and antiglycation properties.
In conclusion, the results obtained in the current study shown that a polyphenol-enriched extract of clove has antioxidant activity with suppressing effect on AGE formation and protein oxidation. Additional studies are needed to investigate the bioactive compounds responsible for the observed activities.
